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ELECTRIC POWER STEERING APPARATUS 

BACKGROUND OF THE INVENTION 
The present invention relates to an electric power steering 
5 apparatus using a motor as a source of a steering assisting 
force* 

When a steering member , such as a steering wheel is 
rotation-operated, a related automotive electric power 

10 steering apparatus controls output rotation of an electric motor 
according to steering torque loaded on the steering member* 
A rotation of the electric motor is transmitted to a steering 
mechanism through a reduction gear mechanism to thereby assist 
the steering mechanism in response to a rotation operation of 

15 the steering member- Consequently, labor burden imposed on 
a driver for steering is reduced. 

Another related electric power steering apparatus, which 
uses a mechanism having, for example, a worm and a worm wheel 
20 as the reduction mechanism, has been provided (for instance, 
JP-A-2000-43739) . 

Meanwhile, in a case where backlash between the worm and 
the worm wheel is set to be large so as to reduce transmission 
25 resistance, this related electric power steering apparatus has 
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encountered a problem of/ for example, rattling noises due to 
a reverse input from tires when an automobile travels straight 
on a bad road/ such as a gravel road. 

Conversely, in a case where backlash is set to be small 
5 so as to suppress rattling sounds, transmission resistance 
increases. Thus, this related electric power steering 
apparatus has a problem in that when the state of the automobile 
is changed from a cornering state to a straight traveling state, 
the return of a steering wheel is worsened. 

10 

From the aforementioned respects, it is very difficult 
to realize a reduction mechanism that has low transmission 
resistance and that makes less noise* 

15 SUMMARY OF THE INVENTION 

The invention is accomplished in view of the aforementioned 
problems . Accordingly, an object of the invention is to provide 
an electric power steering apparatus enabled to realize a small 
increase in resistance torque and also enabled to suppress noise 

20 generation. 

To achieve the foregoing obj ect , according to the invention, 
there is provided an electric power steering apparatus 
(hereunder referred to as a first electric power steering 
25 apparatus of the invention) , which is adapted to transmit power, 
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which is supplied from an electric motor for assisting steering, 
through a driving gear and a driven gear. In this electric 
power steering apparatus, backlash between the driving gear 
and the driven gear is set at least in a neighborhood region 
5 of a steering neutral position to be smaller than that in a 
remaining region. 

Inventors of the invention direct attention to the. facts 
that even when a vehicle travels on a bad road, noises are hard 
to be produced in a case where each of gears transmits power 

10 from an electric motor during steering, and that noises are 
easily produced in a case where each of the gears does not transmit 
power from the electr icmotor during the vehicle straight travels 
on a bad road. Thus, in most of regions of steering angles 
other than a neighborhood region of the steering neutral position, 

15 the backlash between the driving gear and the driven gear is 
set to be a relatively large value according to which the 
suppression of resistance torque can be achieved. At least, 
in the neighborhood region of the steering neutral position, 
the backlash between the driving gear and the driven gear is 

20 set to be a relatively small value. Consequently, the first 
electric power steering apparatus of the invention prevents 
noises from being produced during straight traveling. 

According to an embodiment (hereunder referred to as a 
25 second electric power steering apparatus of the invention) of 
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the first electric power steering apparatus of the invention, 
the driven gear includes a bias portion formed by biasing a 
part of an outer periphery of teeth in a direction in which 
the backlash is decreased* 

5 The second electric power steering apparatus of the 

invention can reduce increase in the resistance torque and 
suppress production of noises by utilizing a simple 
configuration in which a bias portion is provided in a part 
of outer peripheral portions of teeth. 

10 According to an embodiment (hereunder referred to as a 

third electric power steering apparatus of the invention) of 
the first electric power steering apparatus of the invention, 
the driving gear is constituted by a worm. The driven gear 
is constituted by a worm wheel - The position of a shaft center 

15 of the worm is offset in an axial direction of the worm wheel 
by a predetermined offset amount. 

The third electric power steering apparatus of the 
invention can reduce increase in the resistance torcjue and 
suppress production of noises by utilizing a simple 

20 configuration in which the position of the shaft center of the 
worm is offset in an axial direction of the worm wheel by a 
predetermined offset amount. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIG. 1 is a schematic sectional view illustrating a primary 
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part of an electric power steering apparatus that is an 
embodiment of the invention. 

FIG. 2 is a sectional view taken along line Il-II of FIG - 

1. 

5 FIG * 3 is a schematic enlarged view illustrating a primary 

part of a worm wheel* 

FIG. 4 is a schematic view illustrating a worm shaft and 
a worm wheel/ which mesh with each other- 

FIG ♦ 5A is a graph illustrating the relation between a 
10 steering angle and a gearing radius of the worm wheel* FIG. 
5B is a graph illustrating the relation between a steering angle 
and backlash. 

FIG, 6 is a schematic view illustrating a worm shaft and 
a worm wheel of another embodiment of the invention, which mesh 
15 with each other. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments of the invention are described 
hereinbelow by referring to the accompanying drawings . 
20 FIG. 1 is a schematic sectional view illustrating a primary 

part of an electric power steering apparatus that is an 
embodiment of the invention. Referring to FIG. 1, in this 
electric power steering apparatus (hereunder referred to simply 
as "the power steering apparatus"), a first steering shaft 2 
25 serving as an input shaft, to which a steering wheel 1 is attached, 
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is coaxially connected through a torsion bar 4 to a second 
steering shaft 3 serving as an output shaft to be connected 
to a steering mechanism (not shown) , such as a rack-and-pinion 
mechanism. 

5 

A housing 5 for supporting the first steering shaft 2 and 
the second steering shaft 3 is made of, for example, an aluminum 
alloy, and attached to an automobile body (not shown) . The 
housing 5 comprises a sensor housing € and a gear housing 7 , 

10 which are fitted to each other. Concretely, the gear housing 
7 is cylindrically shaped and has an annular edge portion 7a , 
which is provided at the top thereof and fitted to an annular 
step portion 6a provided on the bottom outer periphery of the 
sensor housing 6. The gear housing 7 accommodates a worm gear 

15 mechanism 8 serving as a reduction mechanism. The sensor 

housing 6 accommodates a torque sensor 9 and a control circuit 
board 10. A reduction gear 50 is constituted by accommodating 
the worm gear mechanism 8 in the gear housing 7. 

20 The worm gear mechanism 8 has a copper worm shaft (or worm) 

11, which is connected to a rotating shaft 32 of an electric 
motor M through a joint mechanism, for instance, a spline joint 
33, as shown in FIG. 2, and also has a worm wheel 12 that meshes 
with this worm shaft 11, that is enabled to rotate integrally 

25 with an axially middle portion of the second steering shaft 
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3, as shown in FIG. 1, and that is restrained from moving in 
an axial direction. Although not shown in the figure, the worm 
shaft 11 is rotatably supported in the gear housing 7 through 
a pair of bearings. 

5 

The worm wheel 12 has an annular metal core 12a integrally 
rotatably connected to the second steering shaft and also has 
a synthetic resin member 12b th^t surrounds the metal core 12a 
and that has teeth provided on an outer peripheral surface 

10 portion thereof. The metal core 12a is inserted into a mold, 
for example, when the synthetic resinmember 12b is resin-molded. 
The metal core 12a and the molded synthetic resin member 12b 
are integrally rotatably connected to each other - 

Xxx the gear housing 7, lubricant is filled in a region 

15 including at least a part A in which the worm shaft 11 and the 
worm wheel 12 mesh with each other. That is, lubricant may 
be filled only in the part A. Alternatively, lubricant may 
be filled in the part A and the entire rim part of the worm 
shaft 11- Alternatively, lubricant maybe filled in the entire 

20 gear housing 7 . 

The second steering shaft 3 is supportedby first and second 
rolling bearings 13 and 14 placed in such a way as to sandwich 
the worm wheel from above and below in an axial direction. 
25 An outer ring 15 of the first rolling bearing 13 is fitted 
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into and held in a bearing holding hole 16 provided in a 
cylindrical projection 6b that is formed at the bottom of the 
sensor housing 6. The top surface of the outer ring IS of the 
first rolling bearing 13 abuts against an annular step portion 
5 17 and is restrained from upwardly and axially moving toward 
the sensor housing 6. On the other hand, an inner ring 18 of 
the first rolling bearing 13 is interference- fitted to the second 
steering shaft 3 „ The bottom surface of the inner ring 18 abuts 
against the top surface of the metal core 12a of the worm wheel 
10 12. 

An outer ring 19 of the second rolling bearing 14 is fitted 
into and held in a bearing holding hole 2 0 provided in the gear 
housing 7 . The bottom surface of the outer ring 19 of the second 

15 rolling bearing 14 abuts against an annular step portion 21 
and is restrained from downwardly and axially moving toward 
the gear housing 7. An inner ring 22 of the second rolling 
bearing 14 is integrally rotatably attached to the second 
steering shaft 3 in such a way as to be restrained from performing 

20 axially relative displacement- The inner ring 22 is held 

between a step portion 23 and a nut 24 screwed onto a threaded 
portion of the second steering shaft 3. 

The torsion bar 4 penetrates through the first steering 
25 shaft 2 and the second steering shaft 3. The top end 4a of 
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the torsion bar 4 is integrally rotatably connected to the first 
steering shaft 2 by a connecting pin 25 , while the bottom end 
4b thereof is integrally rotatably connected to the second 
steering shaft 3 by a connecting pin 26- The bottom end of 

5 the second steering shaft 3 is connected to the steering 

mechanism, such as the rack-and-pinion mechanism, through an 
intermediate shaft (not shown) . 

The connecting pin 25 connects a third steering shaft 27, 
which is coaxially disposed with the first steering shaft 2, 

10 and the first steering shaft 2 in such a way as to integrally 
rotate therewith. The third steering shaft 27 penetrates 
through a tube 28 of a steering column . 

An upper part of the fist steering shaft 2 is rotatably 
15 supported on the sensor housing 6 through a third rolling bearing 
29 constituted by, for instance, a needle roller bearing. A 
diametrically reduced portion 30 provided at a lower part of 
the first steering shaft 2 is fitted in a hole 31 formed in 
an upper part of the second steering shaft by providing 
20 predetermined play in the direction of relative rotationbetween 
the first steering shaft 2 and the second steering shaft 3 so 
as to restrict the relative rotation therebetween within a 
predetermined range. 

Referring next to FIG, 2, the worm shaft 11 is rotatably 
25 supported by each of a fourth rolling bearing 3 4 and a fifth 
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rolling bearing 35, which are held by the gear housing 7 . Each 
of the fourth rolling bearing 34 and the fifth rolling bearing 
35 is constituted by, for example, a ball bearing. 

5 Each of an inner ring 36 of the fourth rolling bearing 

34 and an inner ring 37 of the fifth rolling bearing 35 is fitted 
into an associated one of narrow portions of the worm shaft 
11. Each of an outer ring 38 of the fourth rolling bearing 
34 and an outer ring 39 of the fifth rolling bearing 35 is held 

10 in bearing holding holes 40 and 41 of the gear housing 7, 
respectively . 

The gear housing 7 includes a part 7b radially facing a 
part of a circumf erential surface of the worm shaft 11. The 
outer ring 38 of the fourth rolling bearing 34 supporting one 

15 of end portions 11a of the worm shaft 11 abuts against the step 
portion 42 of the gear housing 7 and is positioned thereat. 
On the other hand, the inner ring 3 6 of the fourth rolling bearing 
34 abuts against a positioning step portion of the worm shaft 
11. Thus, the worm shaft 11 is restrained from moving toward 

20 the other end portion lib of the worm shaft 11- 

The inner ring 37 of the fifth rolling bearing 35, which 
supports a neighborhood portion of the other end portion (that 
is, the joint-side end portion) lib of the worm shaft 11, abuts 
25 against the positioning step portion 44 of the worm shaft 11. 

10 



03-11-26; 3:45PM;NGB 



McGINN & GIBB 



i 81 3556 1 39 54 



# 13/ 24 



Thus, the inner ring 37 is restrained from moving toward the 
end portion 11a of the worm shaft 11- 

The outer ring 39 of the fifth rolling bearing 35 is pushed 
toward the fourth rolling bearing 34 by apre-pressure adjustment 
5 screw member 45- The screw member 45 applies a pre-pressure 
to a pair of rolling bearings 34 and 35 by being screwed into 
a screw hole 46 formed in the gear housing 7. Also, the screw 
member 45 performs the axial positioning of the worm shaft 11. 
Reference numeral 47 designates a lock nut to be engaged with 
10 the screw member 4 5 so as to fix the screw member 45 after the 
pre-pressure is adjusted. 

Referring next to FIG. 3, which is a schematic view, a 
bias portion 61 biased outwardly and radially is formed in a 

IS part of the profile of each of teeth 60. As shown in FIG - 4 
that is a schematic view, the radius R of a pitch circle of 
the worm wheel 12, which is indicated by a dot-and-dash line, 
has a value R2 at a central portion of a part 62 corresponding 
to the bias portion 61 and is larger than a value Rl at the 

20 remaining part (that is, R2>R1) - 

As shown in FIG. 4, a gearing radius RA of the worm wheel 
12 corresponds to a radius R of a pitch circle of the worm wheel 
12 at a gearing part A in which the worm wheel 12 meshes with 
the worm shaft 11. The gearing radius RA has an intermediate 

25 value between the values Rl and R2 (R1<R<R2) . 

11 
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An angular range in which the bias portion 61 is provided, 
that is, an angular range of the portion 62 corresponding to 
the bias portion 61 is 261 . This range corresponds to a 

5 neighborhood region Bl of a steering neutral position (to be 
described later) - 

FIG - 5Ais a graph showing the relation between a steering 
angle 6 (that is, an angle of rotation of the steering wheel 
1) and the gearing radius RA of the worm wheel 12. As shown 

10 in FIG, 5A, in the neighborhood region Bl (-91 <, 9 < 81) of the 
steering neutral position C (that is, a position corresponding 
to a steering angle 0 (= 0) } , the gearing radius RA of the worm 
wheel 12 is set to be larger than that in the remaining region 
B2. 

15 

As shown in FIG. 5B, backlash between the worm shaft 11 
and the worm wheel 12 in the neighborhood region Bl is set to 
be smaller than that therebetween in the remaining region B2 . 
In the worm wheel 12, the bias portion 61 is provided at 
20 a place, at which the bias portion 61 can mesh with the worm 
shaft, corresponding to the neighborhood region Bl of the neutral 
position C. 

The neighborhood region Bl of the neutral position is 
25 set on condition that 01 = 10 degrees, that is, a 
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steering-angle-change in both directions from the neutral 
position C ranges from -10 degrees to +10 degrees- This 
neighborhood region Bl may appropriately be set corresponding 
to each of vehicles. 

5 Incidentally , let ARAl, ct , and D denote an amount of change 

in the gearing angle RAper arc-minute of the backlash, a pressure 
angle, a pitch circle diameter, respectively. Then, the 
following relational expression holds therefor: 
ARAl - nD/(360x60x2xtana). 

10 When the pitch circle diameter ranges 80mm to 100mm, ARAl, 

that is, an amount of change in the gearing angle RA, which 
is needed for changing one arc-minute of the backlash, should 
range 22|am to 2 8|im. 

15 For example, in a case that the backlash in the neighborhood 

Bl of the neutral position C is -1 arc-minute, and that the 
backlash in the remaining region B2 is 4 arc— minutes, an amount 
ARA of change in the gearing radius RA, which is needed for 
setting the difference in backlash between both the regions 

20 to be 5arc-minutes, is thus given by the following equation: 
ARA = 5 x ARAl , 

and should be set in such a way as to range 0,1mm to 0.15mm. 

As described above, according to the invention, noises 
produced during straight traveling on a bad road, for example, 
25 a gravel road can be prevented by setting the backlash in the 
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neighborhood region Bl of the steering neutral position C, to 
be relatively small. 

In the remaining region B2 other than the neighborhood 
5 region Bl, that is, most of the regions, the backlash is set 
to be relatively large. Thus, increase in the resistance torque 
can be suppressed* Incidentally, even when the vehicle 
travels on a bad road, noises are hard to be produced in a case 
where power is transmitted from an electric motor by a worm 
10 shaft and a worm wheel during a steering operation . 

Consequently/ even when the backlash is large as above-mentioned, 
no troubles are caused. 

Consequently, occurrences of noises can be prevented, and 
the increase in the resistance torque can be suppressed. This 
15 can be achieved by a simple configuration in which the bias 
portion 61 is provided in a part of outer-shaped portions of 
teeth of the worm wheel 12. 

As described above, in the remaining region B2, that is, 
20 in most of the regions, the backlash is set to be relatively 
large* Thus, even in a case that the synthetic resin member 
12b is used in at least a part of the worm wheel 12, similarly 
to this embodiment and that this synthetic resin member 12b 
changes in size owing to temperature expansion, moisture 
25 absorption, and swelling, there is no fear that the backlash 
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is too small. That is, a large margin for change in size of 
the synthetic resin member 12b can be set. 

On the contrary/ even when the synthetic resin member 12b 
wears out/ occurrences of noises can effectively be suppressed/ 
because the backlash is preliminarily set by the bias portion 
61 to be small in the neighborhood Bl of the neutral position 
C. 

Incidentally/ in this embodiment/ a worm wheel entirely 
made of iron may be employed as the worm wheel 12 . 

As shown in FIG. 5A, the graph in the neighborhood region 
Bl is shaped like a trapezoid. The bias portion 61 maybe adapted 
to have a shape smoothly changing so that each of the corner 
portions of the trapezoid is smoothly R-shaped. 

Incidentally, practically, when the bias portion 61 in 
the remaining region B2 other than the neighborhood region Bl 
of the neutral positionC arrives at the gearing part A, a steering 
assisting force acts. Moreover, because a steering wheel is 
being used, the inertia of a steering system acts at that time. 
Thus, the return of a steering wheel is hardly affected. 
Additionally, there is no adverse effect on a steering feeling. 

Referring next to FIG. 6, there is shown another embodiment 
of the invention. As shown in FIG. 6, in this embodiment, the 
position of a shaft center 70 of the worm shaft 11 is offset 
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from the center position XI (corresponding to a normal position) 
in an axial direction X of the worm wheel 12 by a predetermined 
offset amount _P. This embodiment, can reduce increase in the 
resistance torque and suppress the generation of noises , 
similarly to the previously described embodiment* Moreover, 
this can be achieved by a simple configuration in which the 
position of the shaft center 70 of the worm shaft 11 is offset. 

Incidentally, the invention is not limited to the 
embodiments . Various modi fi cat ions may be made within the scope 
of the invention. Although it has been described by way of 
example in the foregoing description of the embodiment that 
the bias portion 61 biased in the radial direction is provided 
in the worm wheel 12, a bias portion biased in a radial direction 
may be provided in the worm shaft 11. 
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